Musculoskeletal disorders represent a significant occupational health issue in dental hygiene, with high prevalence rates documented. Despite this fact, there have been few advancements in the application of ergonomic principles in the dental hygiene profession. While the use of loupes is often promoted as an ergonomic solution, there is little published research to support this claim.
Background

Musculoskeletal disorders in the dental hygiene profession
Musculoskeletal disorders (MSD) represent a significant and costly occupational health issue for the dental profession [1] [2] [3] [4] . Work related MSD include injury, trauma and pain to both the soft and hard tissues of the body, and frequently develop over time [3] . As a preventive dental practitioner, the physical burden of performing repetitive and precise tasks such as scaling and debriding teeth places dental hygienists at a high risk of work related MSD [3, 5] . Recent research supports this observation, with the prevalence of MSD in the profession reported at rates between 64% and 93% [3] . Hygienists are more likely to suffer neck, shoulder and wrist pain than other dental professionals [6] [7] [8] . Hygienists are also exposed to a number of other identifiable risk factors, such as a large number of occupation related computer usage hours, psychosocial stress and being predominately of female gender [3, [9] [10] [11] [12] [13] . This occupational health issue leads to lost work time, diminished work performance, medical attention and possible early retirement [14, 15] . The economic ramifications of this situation are substantial, with lost earnings in the United States of America due to MSD in the dental profession reported at over $40 million some years ago [5] . With a considerable proportion of the profession reporting MSD, and the consequent effects and impacts of this, research into the prevention of this problem is imperative.
Neck pain specifically has been identified as a common complaint of dental hygienists, with the 12 month prevalence reported at between 54% and 69% [6, 16, 17] . Work-related tasks such as scaling teeth appear to predict reported neck pain among Australian and Swedish dental hygienists, as does the stress of balancing work with family commitments [18, 19] . Dental hygienists suffering from neck pain are more likely to have time off work or are considering reducing their working hours [18] , affecting productivity and career longevity.
It is evident that the problem is widely acknowledged, however much of the information regarding prevention of MSD among dental hygienists appears to be anecdotal [3] . Developing an ergonomic solution has been limited by attention bias when examining postural improvements [20, 21] , and participants completing undemanding simulated tasks during the intervention [20, 22, 23] . As a result, there has been little development or progression in ergonomics for the dental hygiene profession.
Loupes as a preventive measure against MSD
New technologies, such as loupes [surgical magnification] for the dental hygienist are being promoted as a preventive measure for MSD in the profession. Loupes are an eyewear system of telescopes attached to lenses (Fig. 1) , which magnify the viewing field; in the case of dental clinicians, this means the teeth and the gingiva [24] . However, there appears to be no longitudinal studies or research using objective measures to support this innovation. The use of surgical magnification when providing dental treatment allows the clinician to maintain their natural posture, which in turn is believed to reduce the risk of musculoskeletal pain or discomfort [25] . It has been suggested that loupes may reduce the physical stresses on the body [26] . While the use of loupes amongst hygienists is not commonplace, it is never- theless, a tool that hygienists may choose to use in their daily practice. At the current time loupes are not considered to be essential for workplace safety and sound ergonomics.
Current research into the effect of loupes appears to have been limited to self-reported measures of MSD through the use of questionnaires [18, 27, 28] , or a single case study reporting a student's experiences [24] . To our knowledge, there is no contemporary research in the literature that has utilised triangulation methods to assess the effectiveness of using loupes on MSD in practising dental hygienists. The use of both self-reporting and objective outcome measures would provide a clearer insight into the potential benefits and limitations to wearing loupes during clinical patient care. The aim of the present study is to investigate the effect of the use of loupes on neck pain and disability in dental hygienists, using triangulation methods.
Methods
The study was conducted as an exploratory pretest post-test design with a non-equivalent control group, comparing musculoskeletal measures in dental hygienists wearing loupes, with final year dental hygiene students who do not wear loupes. The research project was approved by the University of Newcastle Human Research and Ethics Committee.
The intervention: Loupes
Subjects in the treatment group were issued with flip-up Galilean loupes in 2.5x magnification. This level of magnification offers the widest field of view and longest depth of focus when compared to higher powers. The flip up function allows the magnification lenses to be adjusted during treatment or flipped out of sight when talking with patients or writing notes. Participants in the treatment group were individually fitted for loupes, measuring the working distance for appropriate fit. Working distance is the distance between the eyes and the oral cavity, and is often crudely proportionate to height. These measurements are crucial for the hygienist to have a clear view of the oral cavity and work in a balanced working position. It has been suggested that poorly fitting loupes can actually exacerbate MSD, given that they may require the clinician to place themselves in an awkward position for optimal vision [25] . The intervention involved subjects wearing the loupes during all clinical care provided to their patients in practice for a period of six months.
Outcome measures
Both self-reported and objective measures of musculoskeletal pain in the neck region were collected. Self-reported measures of neck pain and dysfunction were evaluated by the Neck Pain and Disability Scale (NPDS). The objective measures of upper body musculoskeletal symptoms were evaluated by a physical assessment, following a standardised protocol. The physical assessment included measures of cervical range of movement (CROM), low load craniocervical flexion, cervical proprioception, and craniovertebral angle. Each of these measures are published in protocols elsewhere, and have been established as reliable and reproducible [29] [30] [31] [32] [33] [34] . The characteristics of these measures are described in Table 1 .
Recruitment
All full members of the New South Wales branch of the Dental Hygienists Association of Australia were contacted via post, and final year dental hygiene students at the University of Newcastle were also approached at the beginning of a clinical session on campus by a person not involved with the project. All those invited received a participant information statement, consent form and self-addressed replypaid envelope. Interested participants who met the inclusion criteria and did not meet any of the exclusion criteria (Table 2) , and who voluntarily returned the signed consent form were considered eligible for the study. The minimum sample size required to determine a statistical difference in outcomes was 12 participants in each group, based on the minimal important change of 12 points difference in NPDS scores, a type I error of ␣ = 0.05 and 80% power.
Procedure
All participants were required to travel to The University of Newcastle (Ourimbah campus) to complete baseline demographic data collection, the NPDS survey and undergo the physical assessment. At this stage, participants in the treatment group were also personally fitted for loupes. Participants allocated to the treatment group were required to wear loupes during clinical treatment of patients, for the next six months. Participants allocated to the control group were required to work as usual, that is without the use of surgical magnification, for the next six months. Participants in the control group were also required to agree not to use loupes during the study period. At the end of the six month period, participants would again be required to complete the NPDS outcome measure as well as attend The University of Newcastle for a post-test physical assessment.
Analysis
An intention-to-treat analysis was adhered to throughout the study. Tabular summaries of demographic characteristics summarised responses using descriptive statistics, while comparison of the survey data pre-and post-test were performed using mixed ANOVAs. The primary outcome factor was change in neck pain and/or disability.
Results
A total of 12 practising dental hygienists and 17 final year dental hygiene students consented to participate in the study. The dental hygienists had a mean age of 31.8 (SD, 7.8) years and worked an average of 33.9 (SD, 8.2) hours per week, while the students on average were 25.1 (SD, 4.4) years and completed 28.1 (SD, 11.7) clinical hours per week. Both groups were predominantly non-smoking females. The descriptive statistics of participants are displayed in Table 3 . Cervical range of motion
This testing is performed as per the protocol described by Youdas et al [30] . Cervical range of motion will be measured using a gravity goniometer; active range of cervical spine motion in the directions of flexion, lateral flexion and rotation to either direction will be ascertained. This test can be used to evaluate neck disorders.
Orthopaedic disorders 0.84 -0.95 Youdas [30] Low load cervical vertebral flexion
This test is performed as described by Jull et al. [31] . Pressure biofeedback will be used to measure deep cervical flexor muscle endurance using a low load, to reflect the tonic function of this muscle group. This test can be used to assess neck disorders.
Whiplash associated disorders 0.65, 0.89 Jull [31] Cervical joint position test
Evaluation of neck proprioceptive activities will be assessed using the cervical joint position test as described by Treleaven et al. [32] , following instructions developed by Revel et al. [33] . This test may be a predictor of impaired cervical kinaesthetic sense.
Young healthy adults 0.81 Treleaven et al. [32] Craniovertebral angle The natural head posture of subjects will be assessed by taking photographs of the subjects in seated positions, using markers to identify the craniovertebral angle, as per the protocol described by Watson and Trott [34] . It has been suggested that a smaller craniovertebral angle (ie forward head posture) may be a predictor of headaches and neck pain. Table 4 summarises the neck related self-report and physical measures for the treatment and control groups at baseline and following the intervention. A series of mixed ANOVAs were conducted with time (baseline vs. post-intervention) and treatment (intervention vs. control) as the independent variables. The analyses revealed no significant interactions between time and treatment (p < 0.05), which indicates that the loupes created no significant differences in outcomes. There was no change in mean NPDS scores between baseline and follow-up for the treatment group, while the control group reported an increase in perceived neck pain at follow-up. Although not statistically significant, improvements over time were noted in the treatment group for the tests examining cervical range of motion and low load cervical vertebral flexion; whereas these measures declined over time for the control group. Deteriorations were noted in treatment group participants for forward head posture and joint position sense, while there were improvements in the control group for the same measures.
Discussion
This study appears to be the first to objectively assess the impact of wearing loupes on neck pain and disability among practising dental hygienists. Development of a standardised protocol, with reliable and repeatable measures ensures a high validity with the study outcomes. Unlike previous research, this study combined objective measures with validated selfreported measures in both pre-and post-test phases. This triangulation method of evaluation is vital for providing solid evidence on the effect of the preventive measures under investigation.
Overall, the dental hygienists wearing loupes in this study did not perceive any improvements, based on the results of the self-reported measure of neck pain and disability. On the other hand, we should consider it encouraging that they did not report deterioration in musculoskeletal health. The students who did not wear loupes noted a worsening in their neck pain symptoms; this is unsurprising, given that many studies have found that increasing time spent practicing correlates with reported MSD [16] [17] [18] . Improvements were noted for cervical range of motion and low load craniovertebral flexion in the treatment group. Interestingly, these markers deteriorated in the student group which again, may indicate that time practising as a hygienist is a risk factor and that the intervention may have the potential to mitigate deterioration in these measures.
Observed increases in neck extension, flexion, lateral flexion and rotation for those wearing loupes suggest that the muscle activity in this area is not impaired, and as such, injuries to the soft tissues of the neck are less likely. It is also likely that global muscle overactivity and concomitant tightness were reduced, a finding that is consistent with the craniocervical flexion results. Noted improvements in low load cervical vertebral flexion for the treatment group reflect the tonic function of the deep cervical flexor muscles, suggesting less inhibition due to neck pain and greater fine motor control of the cervical spine and its lordosis in the neutral position [35, 36] . It has been suggested that a neutral posture adopted whilst wearing loupes reduces neck muscle activation [37] . It might also be considered that simply by participating in the study that the hygienists were inherently more aware of their neck positioning, contributing to this positive change.
Wearing loupes appeared to impair the subject's ability to sense the position, orientation and movement of the head and neck [cervical joint position sense]. While wearing loupes, the eyes move between the magnified and unmagnified fields, which can be disconcerting [25] ; this perhaps disturbs sensorimotor function though the provision of varying or discordant sensorimotor inputs. It is widely acknowledged that wearing loupes requires an adjustment period [25] , and while it has been suggested that two to three weeks may be sufficient, perhaps the true adjustment period is longer than this. Conversely, the students' joint position sense was improved in the follow up assessment; this is not surprising, as muscle memory and hand-eye co-ordination should improve for students as they gain experience and transition into their professional careers. The decline in craniovertebral angle measurement for the hygienists indicates that following the use of loupes, they adopted a more forward head posture. However, it should be noted that in the current study, the mean change was less than 1
• ; perhaps this change is too small to be considered meaningful, and may be within the error of the measurement method. Interestingly, while the test itself is reliable and widely used, an analysis of studies comparing forward head posture between subjects with pain and asymptomatic subjects concluded that its use in determining health gains should be re-appraised [38] . In the current study, there was no discernible difference in perceived neck pain and baseline and post-intervention for the hygienists [as measured by the NPDS], however the students perceived an increase in neck pain while their forward head posture improved; this contradictory result may lend support to the conclusions of the aforementioned analysis. The findings from this study compel us to consider that no single intervention may be effective in preventing or limiting MSD among dental hygienists. Rather, as numerous risk factors contribute to MSD, the solution too may be multi-factorial. This has been suggested elsewhere [3, 39] , and in a review of interventions to reduce work-related MSD, multicomponent interventions found to be more efficacious than single interventions [40] . The lack of statistically significant findings should also lead us to question the value of the self-reported and physical measures used, in measuring MSD in a population with sub-clinical levels of pain. While all measures have demonstrated reliability, they may not be sensitive enough to detect a change when MSD is slight or intermittent.
Strengths of the study
This research is unique, in that it utilised triangulation methods in a longitudinal study to measure loupes as a preventive measure or intervention for MSD. The use of physical measures to assess dental hygienists has been underutilised and in the few studies which attempt this, explicit standardised protocols have not been reported. In a five-year follow up of female dental personnel, it is claimed that a standardised protocol was adhered to for the physical assessment [6] . However, it seems only broad criteria for pain and palpable tenderness was stated rather than explicit and reproducible techniques. Similarly, a physical examination protocol examining the prevalence of carpal tunnel syndrome and upper extremity tendonitis among American hygienists did not report specific methodologies [41] . Furthermore, repeated physical measures have not been used previously when investigating MSD among dental hygienists. Previous studies have used physical examinations as a measure of real time muscle activities (electromyography) [22, 37, 42] and positions (goniometry) [42, 43] or sensory perception ability (vibrometry) [44] . However, these studies fail to record changes in musculoskeletal symptoms over time.
Limitations
In Australia, while the dental hygiene profession is rapidly growing, it nevertheless remains a small and relatively young cohort when considered from an international perspective. As such, the recruitment of participants for this study was challenging, given the small numbers in the profession and the geographic distances required to travel for the physical assessments. At the current time it also remains unclear exactly how many practising hygienists are already wearing loupes, a situation which was a clear exclusion criteria in the current study. Another factor was the potential for confounding variables, such as the type of operator chair used, the type of practice worked in, and patient scheduling including breaks. However, as previously noted recruitment of participants was difficult, and further limiting the inclusion and exclusion criteria may have resulted in evener fewer participants, and the study would not have been viable. Despite the risk of potential confounders, this study allowed participants to work in their usual clinical settings over an extended period, which ensures authenticity.
Conclusions
This study investigated the effect of loupes on MSD in dental hygienists, using previously validated objective measures, for what appears to be the first time. Overall, no differences were detected between wearing loupes and the control group, or from base-line to follow-up. Despite this, the findings do suggest that wearing loupes probably has both positive and negative outcomes in regards to physical well-being. As such, further studies are required to definitively determine the effects of loupes on MSD among dental hygienists, particularly in the long-term.
